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CHAPTER 1.  GENERAL INTRODUCTION 
Climatic, pyric, and biotic disturbances were important forces in the evolution and 
maintenance of Great Plains grasslands (Larson 1940, England & Devos 1969, Stebbins 
1981, Axelrod 1985, Anderson 1990).  Historically, pyric disturbances were frequent and 
seasonably variable in tallgrass prairie (Bragg 1982).  Large-scale biotic disturbances 
included grazing by native herbivores, which are thought to have played a critical role in the 
rise of the grassland biome in North America (Axelrod 1985).  The rise of the grasslands led 
to an increase in bison (Bos bison) populations that once numbered in the tens of millions, 
but were driven to near extinction after European settlement in the early 1800s.  The bison 
decline was a result of human exploitation, i.e. commercial hunting, and disappearance of 
suitable habitat due to cultivation (Knapp et al. 1999, Boyd & Gates 2006).  Today, less than 
1% of the original tallgrass prairie ecosystem remains and over 90% of bison herds in North 
America are privately or commercially owned, raised for meat production, selectively bred, 
mixed with cattle genes, and generally removed from the significant role they once played in 
grasslands and other ecosystems (Samson and Knopf 1994, Knapp et al. 1999, Boyd & Gates 
2006, Sanderson et al. 2008).  Therefore, restoration and reconstruction efforts, with the 
inclusion of native grazers, are important for the conservation of this greatly reduced 
ecosystem (Samson and Knopf 1994, Joern & Keeler 1995).   
In native grasslands, bison are strongly attracted to recently burned areas (Coppock 
and Detling 1986, Shaw & Carter 1990, Vinton et al. 1993, Pearson et al. 1995, Coppedge & 
Shaw 1998, Knapp et al. 1999, Schuler et al. 2006).  Historically, fires were seasonally 
variable (Bragg 1982) but today most prescribed fires occur in the spring (Towne & 
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Owensby 1984).  In general, spring fires promote warm season species, especially grasses, by 
removing standing dead litter, increasing temperatures and light at the soil surface which may 
stimulate seed germination and productivity (Towne & Owensby 1984, Hassan & West 1986, 
Howe 1994).  Although the bulk of tallgrass prairie plants are warm season bunchgrasses, 
species richness and diversity result from an abundance of forb species (Howe 1994).  After a 
fire, the abundant young grasses attract bison because of increased nutritional quality 
(Coppock et al. 1983) and quantity (Wallace et al. 1995).  Bison are over 90% graminoid 
feeders and consume high proportions of dominant warm season bunchgrasses (Peden et al. 
1974, Schwartz & Ellis 1981, Van Vuren & Bray 1983, Krueger 1986, Plumb & Dodd 1993, 
Pfeiffer & Steuter 1994, Pfeiffer & Hartnett 1995, Steuter et al. 1995, Coppedge et al. 1998a) 
therefore promoting subdominant grasses and forbs by creating less water and light 
competition (Fahnestock & Knapp 1993, 1994).  The consumption of dominant warm season 
grasses by bison alters plant community composition at the patch scale and creates sites of 
higher local diversity (Collins 1987, Hartnett et al. 1996, Collins et al. 1998, Coppedge et al. 
1998b).  If fire and grazing are spatially and temporally variable, the interaction of these 
processes can lead to a spatially heterogeneous landscape that is beneficial to a variety of 
wildlife and the maintenance of the tallgrass ecosystem (Collins & Barber 1986, Fuhlendorf 
and Engle 2001, 2004, Schuler et al. 2006). 
Restoration, the process of assisting in the recovery of an ecosystem that is highly 
degraded, damaged, or destroyed (Society for Ecological Restoration 2004), should take into 
account native plant, animal, and microbial diversity at all spatial scales, ecosystem 
processes, and heterogeneity within the landscape (Hartnett et al. 1996, Bradshaw 1996, 
Hobbs & Norton 1996, Coppedge et al. 1998b, Fuhlendorf & Engle 2001, Martin et al. 
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2005).  Although fire is often included in grassland reconstruction and restoration efforts, 
grazing by large native herbivores typically is not (Martin et al. 2005). What is not known is 
how native grazers interact with plant communities during the restoration or reconstruction 
process, i.e. selection of plant communities in different stages of restoration, representation 
of native versus exotic plant species in the diet, and the effect of other habitat features on 
distribution of native grazers.  Lack of this knowledge prevents prediction of the potential 
impacts of native herbivores on reconstruction efforts, as well as the potential impacts of 
reconstruction activities on the ability of native grazers to meet their energetic and nutritional 
requirements during the reconstruction process.  In an effort to understand the interactions of 
native herbivores and tallgrass prairie reconstruction efforts we conducted a two-year (2006-
07) diet composition and habitat selection study on reintroduced populations of elk (Cervus 
elaphus) and bison in an ongoing tallgrass prairie reconstruction effort in the Midwest.  This 
observational study included intensive surveys of native ungulate group locations throughout 
the summer growing seasons, estimation of percent cover of plant species in habitat patches, 
and collection of fecal samples for diet analysis.  Findings from this study will help illustrate 
the benefits and challenges of incorporating native herbivores in tallgrass prairie 
reconstruction efforts, and therefore aid in future management plans in this greatly reduced 
ecosystem. 
Thesis Organization 
Thesis contains a manuscript to be submitted to the Restoration Ecology journal.  The article 
manuscript contains an introduction, detailed methods and results, discussion of the results, 
and appendices.  A general conclusion follows with suggested areas for further study.  
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CHAPTER 2.  HABITAT SELECTION AND DIET OF NATIVE 
UNGULATES IN AN ONGOING TALLGRASS PRAIRIE 
RECONSTRUCTION EFFORT 
A paper to be submitted to Restoration Ecology. 
Barbara W. Kagima, W. Sue Fairbanks 
Abstract 
Although fire is often incorporated into tallgrass prairie reconstructions, grazing by 
large, native herbivores typically is not.  Little is known about how native grazers interact 
with plant communities during the reconstruction process, i.e. selection of plant communities 
in different stages of reconstruction, representation of exotic plant species in the diet, and the 
effect of abiotic features on habitat selection.  We conducted a two-year (2006-07) diet and 
habitat selection study on reintroduced populations of elk (Cervus elaphus) and bison (Bos 
bison) at the Neal Smith National Wildlife Refuge near Prairie City, Iowa. This observational 
study included intensive surveys of native ungulate group locations throughout the summer 
seasons, estimation of percent cover of plant species in habitat patches, and collection of 
fecal samples for diet analysis. Bison and elk use of the reconstructed tallgrass prairie habitat 
was spatially nonrandom.  Available cover, i.e. trees and reed canary grass (Phalaris 
arundinacea) patches, and farthest distance to fence influenced use of space by elk.  Bison 
segregated into a bull group consisting of older bulls and a mixed sex/age group that included 
cows, yearlings, calves, and young bulls.  The bison bull group appeared to avoid recently 
burned areas and selected for areas with a high grass:forb ratio and west-facing slopes.  The 
mixed sex/age group was strongly attracted to the most recently burned patches and areas 
with a higher proportion of native plants.  Bison diets consisted of >90% graminoids and elk 
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used mostly forbs, >65%.  Bison did not consume significantly different proportions of 
native species compared to exotic species, but elk diets consisted of > 80% exotic species in 
this ongoing tallgrass prairie reconstruction.  Findings from this study illustrate the 
interactions of reconstruction activities and native grazers during the tallgrass prairie 
reconstruction process and should aid in future management plans in this greatly reduced 
ecosystem. 
Introduction 
Although there is considerable evidence of the profound role of large herbivores in 
the evolution and dynamics of the tallgrass prairie ecosystem (Larson 1940, England & 
Devos 1969, Stebbins 1981, Axelrod 1985, Knapp et al. 1999), we know little about the 
interactions of large native herbivores with ongoing grassland restoration and reconstruction 
processes (Martin et al. 2005).  In remnant Great Plains grasslands, fire and grazing are 
interactive processes that maintain biodiversity on numerous scales (Collins & Barber 1986, 
Collins 1987, Hartnett et al. 1996, Collins et al. 1998, Coppedge et al. 1998b, Fuhlendorf & 
Engle 2001, 2004, Schuler et al. 2006).  Fire generally removes standing dead litter and 
creates areas for seedling recruitment (Towne & Owensby 1984).  The bulk of tallgrass 
prairie plants are warm season bunchgrasses, which often outcompete subdominant grasses 
and forbs.  However, the high nutritional quality and quantity of young grasses attract bison 
(Bos bison) herds, which typically consume > 90% graminoids (Coppock et al. 1983, 
Wallace 1995, Coppedge et al. 1998a).  Removal of dominant bunchgrasses by bison reduces 
competition for light and water, thereby promoting microsite plant diversity due to the 
increase of subdominant grasses and forbs (Fahnestock & Knapp 1994, Howe 1994).  If fire 
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and grazing are spatially and temporally variable, the fire-grazing interaction can lead to a 
spatially heterogeneous landscape that is beneficial for the maintenance of critical wildlife 
habitat and plant species diversity in tallgrass prairie (Fuhlendorf & Engle 2001, 2004, 
Schuler et al. 2006). 
Today, over 90% of bison herds in North America are privately or commercially 
owned, raised for meat production, selectively bred, mixed with cattle genes, and generally 
removed from the significant role they once played in grasslands (Knapp et al. 1999, Boyd & 
Gates 2006, Sanderson et al. 2008).  In an ecosystem in which historic coverage has been 
reduced by over 99.9% and native grazers no longer maintain key processes, restoration and 
reconstruction are the primary tools for recovering tallgrass prairies (Samson and Knopf 
1994).  Restoration, the process of assisting in the recovery of an ecosystem that is highly 
degraded, damaged, or destroyed (Society for Ecological Restoration 2004), should take into 
account native plant, animal, and microbial diversity at all spatial scales, ecosystem 
processes, and heterogeneity within the landscape (Hartnett et al. 1996, Coppedge et al. 
1998b, Fuhlendorf & Engle 2001, Martin et al. 2005).  Reconstruction is a form of 
restoration that requires the re-introduction of a seed bank, usually on lands that no longer 
contain a viable seed bank, such as tilled fields or mining sites.  Although fire is often 
included in grassland reconstruction and restoration efforts, grazing by large native 
herbivores typically is not (Martin et al. 2005).  Little is known about how native grazers 
interact with plant communities during the restoration or reconstruction process, i.e. selection 
of plant communities in different stages of restoration, representation of native versus exotic 
plant species in the diet, and the effect of other habitat features on distribution of native 
grazers.  Lack of this knowledge prevents prediction of the potential impacts of native 
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herbivores on reconstruction efforts, as well as the potential impacts of reconstruction 
activities on the ability of native grazers to meet their energetic and nutritional requirements 
during the reconstruction process.   
In an effort to understand the interactions of native herbivores and tallgrass prairie 
reconstruction efforts we conducted a two-year diet composition and habitat selection study 
on reintroduced populations of elk (Cervus elaphus) and bison in an ongoing tallgrass prairie 
reconstruction effort in the Midwest.  We expected habitat use by both species to be affected 
by habitat and disturbance features in addition to quantity and quality of forage (Beck et al. 
2006).  Vegetation cover and abiotic features, i.e. slope, aspect, and distance to human 
disturbance were expected to be especially important for elk.  We expected habitat use by 
bison to be greatly influenced by age of burn, % graminoids, and % native plants.  Findings 
from this study will help illustrate the benefits and challenges of incorporating native 
herbivores in tallgrass prairie reconstruction efforts, and therefore aid in future management 
plans in this greatly reduced ecosystem. 
Methods 
Study Area 
In an effort to emulate the tallgrass prairie and oak savanna ecosystem of the pre-
Euro-American settlement period, the U.S. Fish and Wildlife Service initiated the largest 
tallgrass prairie reconstruction and restoration effort in the U.S. at Neal Smith National 
Wildlife Refuge (NSNWR) in 1990.  The 2,104-ha refuge, located 32 km east of Des 
Moines, Iowa (41°33’N, 93°17’E), contains a sprinkling of remnant prairie and oak savanna, 
with a majority of the reconstruction occurring on previously row crop agricultural land 
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(Drobney 1994).  Precipitation peaks in May and/or June with an average of 88 cm/year.  
Locally collected tallgrass prairie seeds have been used to reconstruct 1,200 ha since 1992, 
including parts of a 300-ha enclosure, where this study was conducted.  Within the enclosure, 
seeding, fire, and grazing by native ungulates are used as reconstruction tools.  The enclosure 
contains twenty-one tallgrass prairie plant patches (mean size 14 ha), including two old 
homesteads, that were each planted, in different years, with variable bulk seed mixes from 
local remnant prairie sites (Martin et al. 2005).  Other patches have not yet been planted with 
native seed, including large patches of Bromus inermis (44 ha), Phalaris arundinacea (33 
ha), and a handling facility, located in the northern half of the enclosure.  There are also 
several treed areas along a creek within the enclosure accounting for 19 ha (Table 1).  
Management practices within the enclosure, prior to and including 2006, consisted of spring 
burns alternating annually between the northern (93 ha) and southern (117 ha) halves of the 
enclosure, using the gravel road bisecting the enclosure as a fire break (Table 1; Fig. 1).  In 
2007, the management changed to a patch burn system, including annual patch burns in the 
spring and occasional mowing during the growing season to control weedy and invasive 
species.  During our study, the northern half of the enclosure (93 ha) was burned in late 
spring 2006, and the southwest corner of the enclosure (27 ha) was burned in late spring 
2007 (Fig. 1).   
The enclosure contained bison and elk that were reintroduced in 1996 and 1998, 
respectively.  The elk herd consisted of 9 cows, 8 bulls, and 0 calves in 2006 and 9 cows, 6 
bulls, and 3 calves in 2007.  The initial bison population (n=43) was discovered to contain 
cattle genes and, in November 2007, was replaced by a group of bison (n = 48) obtained from 
the National Bison Range in Montana, which is not known to contain cattle genes.  
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Therefore, the 2006 and 2007 summer field seasons in this study involved two different bison 
populations.  The 2006 bison herd consisted of 12 cows, 16 bulls, 9 yearlings, and 6 calves.  
The 2007 bison herd consisted of 16 cows, 11 bulls, 12 yearlings, and 8 calves.  White-tailed 
deer (Odocoileus virginianus) moved in and out of the enclosure through the surrounding 
2.5-m-high fence.  A visitor trail, with moderate to heavy human foot traffic, runs parallel to 
1,125.63 m of the southeastern fence, which is approximately 13% of the enclosure fence.  
The elk and bison are free to graze and move about within the enclosure and are not provided 
with supplemental feed, although mineral blocks are placed in the handling facility at 
irregular times throughout the year.   
Plant Community Structure 
In July 2006, we used Geographic Information System (GIS) maps and preliminary 
qualitative assessment in the field to delineate fifteen patches with similar plant communities 
(Fig. 1).  In an attempt to facilitate accurate identification of warm and cool season plant 
species, plant community sampling took place in the peak of the growing season, 1-3 August 
2006 and 13-15 August 2007.  We used Hawth's Analysis Tools (Beyer 2004) in ESRI 
ArcMap 9.2 (Environmental Systems Research Institute, Redlands, California, USA) to 
generate random sampling points within the patches; 10 random points in large patches (> 15 
ha) and 5 points in small patches (<15 ha) (Table 1).  A handheld global positioning system 
(GPS) unit (GeoExplorer II and GeoXT, Trimble, Sunnyvale, California, USA) was used to 
locate the randomly generated points in the field and plant community structure was 
determined by visually estimating % cover of plant species within 50-cm x 50-cm quadrats.  
We calculated the mean % cover of plant species identified in the quadrats within each patch 
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and then determined the proportion of the following classes within each patch; native plants, 
exotic plants, grasses, forbs, cool season grasses (C3), warm season grasses (C4), and 
trees/shrubs (Eilers & Roosa 1994, Christiansen & Muller 1999, Stubbendieck et al. 2003). 
The five most abundant plant species within each patch that were identified as 
components of bison and elk diets from literature review (Kufeld 1973, Nelson & Leege 
1982, Morgantini & Hudson 1985, Canon et al. 1987, Steuter et al. 1995, Coppedge et al. 
1998a) were collected in mid-August, 2006 and 2007, for forage quality analysis.  We 
collected enough of the above ground biomass of individual plants to obtain 5 g of dried 
material.  The vegetation samples were oven dried at 60° C to constant weight.  Dried plant 
material was ground and 2-5 g of material were analyzed at the Plant and Soil Analysis Lab 
at the University of Nebraska to determine crude protein and acid detergent fiber (ADF) as 
an index of digestibility.   
Diet 
Fecal samples from bison cows in the mixed age/sex group, segregated bison bull 
group, and elk were collected throughout both growing seasons.  Fecal samples were stored 
at -80° C and shipped to the Wildlife Habitat Nutrition Laboratory at Washington State 
University for microhistological diet analysis.  Proportion of plant species in the diet was 
determined with correction factors, due to the differential digestibility of plant species 
(Dearden et al. 1975).  A Mann-Whitney U nonparametric test was used to determine if the 
bison mixed age/sex, bison bull group, and elk incorporated significantly different 
proportions of forage classes in their diets, i.e. graminoids (grasses and sedges), forbs, native 
species, and exotic species. 
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Animal Distribution  
Complete censuses of bison and elk were randomly initiated once a day for 5 days a 
week during 5 June to 1 August 2006 and 9 May to 1 August 2007.  Based on elk feeding 
habits (Skovlin 1982), elk censuses and observations took place for 2-3 hours immediately 
after sunrise (beginning 0600 h) or for 2-3 hours before sunset (beginning 1800 to 1900 hrs).  
Bison censuses and observation times were randomly generated between 0600 and 1900 h.  
Censuses were conducted from a vehicle within the enclosure.  To minimize damage to 
reconstructed areas, censuses were conducted along a set route, but the point of initiation 
varied on a daily basis.  A Leupold laser range finder/compass and the offset function on a 
handheld Trimble GPS unit were used to record location, group size, group composition with 
respect to sex and age, and activity of the majority of the individuals within the group, i.e. 
foraging, resting, standing, walking, running, and nursing (Schaefer & Messier 1996).  
Universal transverse mercator (UTM) locations were corrected in Pathfinder (Trimble, 
Sunnyvale, California) using the CORS Slater IA global reference station and projected in 
NAD 1983 UTM Zone 15N. 
Ungulate use of tree patches was difficult to quantify due to vegetation cover, so in 
the 2007 field season we used infrared trail cameras to calculate sightings per day for bison, 
elk, and deer. ArcMap was used to determine 15 infrared camera trap locations, with a 150-m 
buffer around each camera, in all the tree patches except in the northeast corner of the 
enclosure, which was inaccessible due to heavy spring rainfall and NSNWR management 
concerns.  A Trimble GeoXT was used to find the predetermined trap locations and cameras 
were placed in close proximity to active ungulate trails, as determined by presence of recent 
tracks, scrapes, fecal deposits, or bison hair sheds (Fig. 1).  Camera traps consisted of a 
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TrailMaster TM 1550 Active Infrared Trail Monitor and a Canon TM 35-1 Film Camera Kit.  
Infrared transmitters were attached to trees 0.75 m above the ground to reduce the probability 
of non-target species tripping the infrared beam, limiting photographic captures to ungulate 
species. Cameras ran 24 h/day with a minimum 30-second delay between pictures and were 
checked daily from 25 May to 2 August 2007.  Due to cost of film development, we limited 
cameras in heavily used areas to a maximum of four 24-exposure film rolls.  
Habitat Use 
An adaptive local convex-hull (a-LoCoH) nonparametric kernel method (Getz & 
Wilmers 2004) was used to determine the utilization distribution (UD) of ungulate groups at 
the 50% and 95% isopleths.  The a-LoCoH method performs better than parametric kernel 
methods for constructing UDs in landscapes with sharp boundaries or distinct areas of non-
use, e.g. fences, rivers, cliffs, by creating convex hulls around each point in the data set and 
then iteratively joining these hulls together from smallest to largest into isopleth levels (Ryan 
et al. 2006, Getz et al. 2007).  To determine the k parameter (number of neighbors used to 
form convex hulls) we used the minimum spurious hole covering (MSHC) rule described by 
Getz & Wilmers (2004).  We tested k values between k = 3 and k = √n, where n is the 
number of observations, and chose k values that included 95% of the observations in the UD 
estimate and did not put areas of use outside the enclosure fence.  The MSHC rule is 
relatively subjective, therefore we set the a parameter (radius used to determine the variable 
sphere around a root point) as the mean distance (in m) between all the observed points of the 
elk, bison bulls, and bison mixed sex/age group, respectively (Table 2).  The a-LoCoH 
method is remarkably robust to changes in parameters (Getz et al. 2007) and enabled us to 
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select k and a parameters that created appropriate UDs, while taking into account the hard 
fence boundary and including about 95% of the points in the UD estimation.   
The study area was divided into 309 one-ha grids (Hawth's Analysis Tools in 
ArcMap) and the number of animal group observations within each grid was scored.  
Because a large number of grids contained no animal group observations and the number of a 
specific group type observed in a grid only ranged between 0 and 4 observations, we 
modeled the probability of observing each species or sex/age group (elk, bison bulls, or 
mixed-sex bison group) in a particular grid using binary logistic regression in SAS software 
(scoring: 0 = no observations of a group type, 1 = 1 or more observations of a group type).  
Proportion of native plants, grass:forb, and burn year were used to create a priori vegetation 
models.  Burn year was included in the vegetation model because of the direct short and 
long-term impact fire has on plant community structure (Towne & Owensby 1984, Gibson & 
Hulbert 1987, Ewing & Engle 1988, Biondini et al. 1989, Collins & Wallace 1990, Howe 
1994, Coppedge et al. 1998b).  A majority of the grids consisted of more than one vegetation 
patch; therefore it was necessary to reevaluate the proportion of native plants, grass, and 
forbs at the grid level.  ArcMap was used to determine the proportion of a patch within the 
grid; this value was then multiplied by the proportion of native plants, grass, and forbs 
determined from the random quadrat analysis at the individual vegetation patch level and the 
resulting proportions for each plant community represented in the grid were summed to 
create grid-level proportions for native plants, grasses, and forbs.  We used GIS maps to 
determine the predominant burn year within each grid.  
Slope, aspect, and distance to fence were included in a priori physical models.  
Centroids were created for each grid with Hawth's Analysis Tools, and used to calculate 
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distance to fence with the Nearest Feature 3.8 (Jenness 2004) extension in ArcMap.  We 
calculated slope and aspect using 10-m resolution Digital Elevation Models (United States 
Geological Survey) in the Spatial Analyst extension in ArcMap.  Aspect, the direction of the 
prevailing slope in azimuth degrees clockwise from north, was transformed into four 
categories, northern, eastern, southern, and western aspects, using Beers et al. (1966) 
transformation methods, with 225° and 45° representing the warmest and coolest aspects, 
respectively.  Vegetative and physical characteristics of the landscape were screened for 
collinearity and were not strongly correlated (r < 0.6), except burn age and % native plants (r 
= 0.65).  The year of data collection (2006 or 2007) was included as a variable in all the 
physical and vegetative models to account for interannual effects, as well as having an 
entirely different bison herd in 2007 than in 2006. 
A 2-step, information-theoretic approach was used to assess candidate models for 
habitat selection by elk, bison bulls, and the mixed sex/age bison group, respectively.  
Physical models with the lowest Akaike’s Information Criterion score corrected for small 
sample sizes (AICc) was combined with the lowest scoring vegetation model to create a 
global model.  Competitive models (within 2 AICc) with the lowest-scoring physical and 
vegetation models were also combined.  The lowest-scoring model from all the categories 
(physical, vegetation, and global) for each species or sex/age group of animals was used to 
calculate Δ AICc values for the rest of the models in the pool.  We considered models with Δ 
AICc values < 2, to be of potential biological significance; therefore, we reported the 
parameter estimates and significance values for the covariates appearing in these models.  A 
Hosmer-Lemeshow (HL) goodness-of-fit statistic was used to indicate if the models provided 
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a good logistic fit for the data, where P > 0.10 was accepted as not significantly different 
from a logistic fit (Hosmer & Lemeshow 1989). 
Results 
Plant Community Structure 
Annual precipitation was below average (84.73 cm) in 2006 and above average 
(105.92 cm) in 2007 (National Oceanic and Atmospheric Administration).  Exotic grasses 
(Bromus inermis, Poa pratensis, and Phalaris arundinacea) and native grasses (Andropogon 
gerardii and Sorghastrum nutans) made up a majority of the overall plant community in both 
years of study (Appendix A).  In 2006, all aforementioned grasses dominated the plant 
community, which differed from the 2007 plant community dominated by four grasses, A. 
gerardii, P. pratensis, B. inermis, P. arundinacea and the exotic forb, Trifolium pratense.  
The most common 2006 forbs included the native species, Parthenocissus quinquefolia, 
Solidago canadensis, Chamaecrista fasciculata, and exotic species, Cirsium arvense and T. 
pratense.  The most common 2007 forbs included the exotic species, T. pratense and Daucus 
carota, and the natives, Teucrium canadense, Ambrosia trifida, and Solidago rigida. 
Native plants accounted for half of the species surveyed in both years of study, 50.7 ± 
7.5% in 2006 and 47.8 ± 5.7% in 2007.  The percent cover of native plants in each patch in 
2006 ranged from 92.3% in patch 13 to 5.4% in the unseeded brome patch (Table 3).  In 
2007, patch 50, which was burned in April 2007, was dominated by native plants (89.6%) 
while unseeded reed canary grass (RCG) and brome patches displayed comparatively low 
proportions of native plants, 14.9% and 25.2% respectively (Table 3).   
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Graminoids accounted for 74.5± 4.2% of species surveyed in 2006 and 62.3±3.5% in 
2007 (Table 3).  The proportion of C3 and C4 grasses varied by plant community, with non-
seeded patches, such as the brome and RCG patches, representing high proportions of C3 
grasses and few, if any, C4 grasses.  In 2006, C3 grasses averaged 43.0 ± 0.08% and C4 
averaged 31.8 ± 6.8% across the study area.  We surveyed C3 grasses in all the patches, while 
C4 grasses were absent from unseeded patches (brome, homestead, and tree) and represented 
0.6% of species in the RCG patch (Table 3).  C3 grasses averaged 35.0 ± 0.06% and C4 
averaged 26.9±5.1% across the landscape in 2007.  C3 grasses were present in all the patches, 
except in patch 50, and C4 grasses were not found in the tree patch and represented about 4% 
of species surveyed in both the brome and RCG patches in 2007. 
Diet 
Most of the diet of the mixed sex/age bison group (91.01%) and bison bull group 
(92.69%) consisted of graminoids during both years of study.  Bison consumed fewer 
graminoids in 2007 (88.21%) compared to 2006 (95.48%) (p = 0.001).  The mixed sex/age 
group and bull group did not consume significantly different proportions of native species 
compared to exotic species (mixed sex/age: native = 52.88%, exotic = 41.83%, p = 0.112; 
bull group: native = 47.72%, exotic = 48.23%, p = 0.99).  A. gerardii, Setaria faberi, P. 
pratensis, S. nutans, and Bromus spp. were the most common grasses found in bison diets, 
accounting for 60.4% and 64.1% of mixed sex/age bison and bull bison diets, respectively 
(Fig. 2, Appendix B.1).   
Elk used more forbs than graminoids during both years of study, 62.6% in 2006 and 
72.1% in 2007.  Elk incorporated a higher proportion of exotic species, 80.65%, than native 
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species into their diet (p = 0.011).  Trifolium spp. (45.5%), Agrostis gigantea (19.7%), 
Medicago spp. (7.7%) and a considerable variety of exotic grasses accounted for most of the 
elk diet in 2006.  The 2007 elk diet mostly consisted of Trifolium (55.4%), Poa pratensis 
(7.4%), Medicago spp. (6.6%) and a variety of exotic grasses (Appendix B.2).  Our 2007 
plant surveys did not detect Agrostis gigantea in any of the patches, which may explain why 
elk consumed <1% of it and instead used more Poa pratensis during the 2007 summer 
growing season (Appendix A.2, B.2). 
The exotic Trifolium spp. was the most common forb in both bison group diets (Fig. 
3) and accounted for 50.5% of the overall elk diet.  Nutritional analysis of T. pratense, 
indicates that it is more digestible (low ADF), and contains much more crude protein than B. 
inermis, Schizachyrium scoparium, P. pratensis, Elymus canadensis, S. nutans, A. gerardii, 
and Carex spp. (Fig. 4).  
Animal Distribution 
We recorded 31 and 67 elk GIS locations in 2006 and 2007, respectively.  In both 
years, bull elk occasionally aggregated into a bachelor group of 2 - 5 bulls.  Cow elk did not 
display a specific pattern of aggregation in either year.  We did not observe any elk calves in 
the 2006 season and first sighted 3 calves between 17 and 23 July 2007.  Two bull elk 
mortalities occurred between our study seasons.  
The 2006 bison herd segregated into a mixed sex/age group that varied in size (28 to 
40 individuals) and several bachelor bull groups (3 to 7 individuals) throughout the season.  
We recorded 81 bison bull group locations and 22 mixed sex/age bison locations in 2006.  In 
2007, the replacement bison herd spent a majority of the season in an aggregated group 
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ranging in size from 43 to 48 individuals.  One bison bull group occasionally segregated from 
the mixed sex/age group and fluctuated in size between 1 and 5 bulls.  Twenty-eight 
bison bull group and 53 mixed sex/age bison GIS locations were recorded in 2007.  We 
sighted 6 bison calves in 2006 and 8 in 2007.   
Elk, bison bulls, and mixed sex/age bison groups used different areas of the 
enclosure.  Elk mostly utilized (50% UD estimate) the tree and reed canary grass areas in the 
western and northeastern portion of the enclosure during both years of study (Fig. 5).  In 
2006, the bison bulls primarily used the southern half of the enclosure, the brome patch in the 
north and a small area in the northwest (Fig. 6).  At least when segregated from the large 
mixed group, bison bulls rarely used recently burned areas, which was even more evident in 
the 2007 bison bull group UD estimates (Fig. 6).  Similar to their 2006 counterparts, the 2007 
bison bulls used the eastern portion of the enclosure and the brome patch to the north.  Mixed 
sex/age bison spent a majority of their time in the recently burned areas (< 4 months) and 
rarely used the 2005 spring burn portion of the southern half of the enclosure during either 
year of study (Fig. 7). 
Eleven of fifteen remote cameras were successfully deployed in the 2007 season and 
captured white-tailed deer, elk, and bison images in the tree patches.  The cameras ran for an 
average of 29.5 ± 5.9 days and averaged 0.20 ± 0.04 ungulate image captures/day.  White-
tailed deer averaged 0.29 ± 0.12 captures/day and were pictured at all the locations except 
cameras 6 and 19 (Fig 1; Fig. 8).  Elk images were captured by all successful cameras and 
averaged 0.22 ± 0.04 captures/day.  The majority of the bison images (mean = 0.09 ± 0.03 
captures/day) were captured on only 3 cameras (6, 20, and 5) in the southwest and northeast 
tree patches (Fig 1; Fig. 8).   
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Habitat Selection 
Year, slope, aspect, and distance to fence were attributes of the best physical model of 
habitat selection for elk (Table 4).  All five of the a priori vegetation models were 
competitive with each other, with the model containing the year and burn variables having 
the lowest AIC score.  Therefore, we created a candidate pool for global models with the best 
physical model combined with each of the vegetation models.  Overall, the best model 
included year, slope, aspect, distance to fence, and time of last burn (Table 4).   
Areas farther from the fence line were more likely to be used by the elk (Table 5).  
Elk appeared to use grids with gentler slopes, although this parameter estimate was not 
statistically significant.  Compared to warmer, western aspects, the elk tended to use areas 
with more northern aspects and were less likely to use areas with southern and eastern 
aspects over western aspects.  There was also a tendency for elk to use unburned grids 
compared to those that received a recent (0-2 years) burn treatment.  
The best physical model for the bison bachelor bulls included year, slope, and aspect 
(Table 6).  A model with year, slope, aspect, and distance to fence variables was competitive.  
The vegetation models that included native plants, and native plants, grass:forbs deviated 
from the logistic fit (HL: p < 0.10, Table 6), therefore were not included in the calculation of 
Δ AIC values or the creation of global models.  The age of burn variable with year created 
the best remaining vegetation model for the bulls, while the grass:forbs model and the native 
plants, age of burn model were competitive.  We created six global models from the best and 
competitive physical and vegetation models.  Overall, none of the global models were 
competitive with the best three vegetation models and the best physical model (Table 6).   
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The bison bachelor bulls were more likely to use areas burned 1-2 years ago than 
unburned areas (Table 7), but were not more likely to use areas burned recently (< 4 months).  
A high parameter estimate in a competitive model suggests bison bulls selected grids with 
greater grasses:forbs.  Grids with western aspects were selected more by bulls than those 
with eastern aspects.  Weaker evidence suggests that grids with more native plants and with 
steeper slopes were more likely to be used by the bison bachelor bulls. 
The best physical model for the mixed sex/age bison group included year, slope, and 
aspect (Table 8).  A model with year, slope, aspect, and distance to fence variables was 
competitive.  Year, native plants, and age of burn created the lowest scoring vegetation and 
overall model for habitat selection by mixed sex/age bison.  A global model which included 
year, slope, aspect, native plants and burn was the only competitive model from the candidate 
pool (Table 8). 
The mixed sex/age bison strongly selected grids with a higher proportion of native 
plants and recent (< 4 months) burns (Table 9).  They were less likely to use grids burned 2 
years previously compared to unburned areas.  The mixed sex/age bison group tended to 
select eastern aspects over western aspects.  Tendency of the mixed bison group to select 
steeper slopes was not strong.   
Discussion 
Native ungulate habitat use patterns in this ongoing tallgrass prairie reconstruction 
were non-random and were influenced by abiotic factors, plant community structure, and 
fire.  Elk movement was greatly influenced by abiotic habitat features, such as cover and 
distance from the fence, which may represent human disturbance due to the proximity of a 
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visitor trail to the southeastern portion of the fence line.  Elk in other areas use forests to 
mediate thermal stress during warm seasons (Cook et al. 1998, Porter et al. 2002) and 
typically select for areas that are farther away from human disturbances (Irwin & Peek 1976, 
Lyons 1983, Rowland et al. 2000).  Habitat selection by a reintroduced elk population in 
aspen habitats indicated that foraging decisions were constrained by selection for non-forage 
factors, such as available cover and distance to water (Beck et al. 2006).  In our case, core 
areas of use during the summer growing season were limited to tall reed canary grass patches 
and tree areas.   
Exotic species accounted for >80% of overall elk diet during both years of study, 
which might be a result of behavioral confinement to habitats that generally contained higher 
proportions of exotics, such as the reed canary grass patches that contained >80% of this 
exotic grass.  However, elk did not consume reed canary grass in 2006 and used <1% of it in 
2007, suggesting that elk mostly used these patches for the ample cover provided by the tall, 
clustering nature of reed canary grass.  The tree areas contained a wide variety of native and 
exotic forbs that elk did not consume in significant amounts, despite the considerable amount 
of time they spent in these areas. A majority of the plant species consumed by elk during 
both summer growing seasons were not surveyed in the reed canary grass or tree patches, 
suggesting that the elk acquired most of their diet in non-core areas of use.   
Although elk movement might be constrained by cover and farthest distance to 
human disturbance, these abiotic factors do not appear to restrict their diet choices to plant 
species detected in these areas.  In fact, elk in this study appear to acquire a majority of their 
diet from non-core areas of use, perhaps due to the small size of the enclosure that allows 
them to graze in open areas that are in close proximity to cover. Management of this ungulate 
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in a tallgrass prairie reconstruction should provide a heterogeneous landscape with ample 
cover, perhaps in the form of reconstructed sedge meadows and oak savanna, and plant 
communities designed to meet forage and nutritional needs.  However, further study is 
needed on foraging habits, with respect to habitat selection, of elk in native, remnant, and 
restored/reconstructed tallgrass prairie, because the literature is generally lacking of this 
information.   
Abiotic features had some influence on bison movement as well, although forage 
characteristics, or management practices that directly influenced forage, i.e. burn age, 
appeared to have a stronger influence.  For instance, bison bulls seemed to avoid recently 
burned areas, < 4 months old, consistent with previous studies of bison movement in relation 
to fire in native Great Plains grasslands (Coppock & Detling 1986, Coppedge & Shaw 1998).  
Instead, they spent a majority of their time in older burn patches and the never-burned brome 
patch.  As frequently burned areas get older and moderate grazing is absent, dominance by 
C4 bunchgrasses increases, creating an area with a high grass:forb ratio (Coppedge et al. 
1998b, Milchunas et al. 1998), possibly explaining the inclusion of the grass:forb ratio in one 
of the best bison bull habitat selection models.  In a diet study conducted in native tallgrass 
prairie, bison bulls consumed high proportions of C4 plants throughout the summer growing 
season (Post et al. 2001).  From a foraging aspect, older burn patches, which generally 
contain more C4 grasses, appear to be more attractive to bison bulls during the growing 
season.  This preference might change in different seasons, for instance during peak C3 plant 
production in the spring and fall, which we did not address in this study (Coppedge et al. 
1998a, Post et al. 2001). 
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Slope and aspect variables were present in competitive habitat selection models of 
both the bulls and mixed age/sex bison groups.  Bison bulls spent more time in areas with 
west-facing slopes, even though western slopes tend to be warmest in the summer months, 
while the mixed age/sex group chose east-facing slopes.  This might be a result of the bulls’ 
larger body size, which in concert with pelage insulation, allows for less heat gain due to a 
smaller surface-area-to-volume ratio and blocked incident solar radiation (Feldhamer et al. 
2007).  However, habitat selection by bison bulls was not well characterized in this study as 
evidenced by the weak statistical support of the variables we addressed.  Perhaps the 
inclusion of other variables in our models, such as soil conditions appropriate for wallowing, 
and a larger, more topographically diverse landscape might better elucidate habitat use 
patterns of bison bulls.  
The bison mixed age/sex group habitat use pattern in this ongoing tallgrass prairie 
reconstruction was strongly influenced by fire, consistent with previous studies of bison 
habitat use in native prairies (Coppock & Detling 1986, Shaw & Carter 1990, Vinton et al. 
1993, Pearson et al. 1995, Coppedge & Shaw 1998, Biondini et al. 1999, Knapp et al. 1999, 
Wallace & Crosthwaite 2005, Schuler et al. 2006).  Our study is one of the first to provide 
evidence that the spatial distribution of the mixed sex/age bison group is positively correlated 
with fire and with areas with higher proportions of native plants in a reconstructed prairie.  
The selection of areas with more native plants was likely a result of the spring burn, which 
was meant to suppress cool season exotics and promote native, warm season species (Bragg 
1982, Towne & Owensby 1984, Howe 1994, Collins 2000).  Bison in the mixed age/sex 
group selecting recently burned areas are more likely to encounter and consume young, 
native C4 grasses that are more digestible and high in nutrition, during the summer growing 
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season.  However, previous studies show peak consumption of C3, mostly exotic, grasses by 
bison during peak C3 growing seasons in the spring and fall (Coppedge et al. 1998a, Post et 
al. 2001).   
The bison in this relatively small ongoing grassland reconstruction maintained 
sexually segregated groups during a majority of the non-rutting summer season, similar to 
bison groups in large, native and remnant prairie (McHugh 1958, Lott 1981, Main & 
Coblentz 1990, Coppedge & Shaw 1998, Post et al. 2001, Mooring et al. 2005, Schuler et al. 
2006).  Bison bulls seemed to avoid the recently burned areas with high-quality forage and 
instead, exploited the older burn areas with high-fiber, low quality feed.  The mixed age/sex 
group strongly selected for the recently burned areas, which contain a greater biomass of 
low-fiber, high quality forage in the form of young, warm-season grasses (Coppock et al. 
1983, Wallace et al. 1995).  Despite the inclusion of similar plant species in their diets, the 
age, and therefore quality, of forage most likely differed.  The gastrocentric hypothesis for 
sexual segregation in ruminants suggests that sexually segregated ruminants are capable of 
achieving similar diet quality from low and high quality forage (Barboza & Bowyer 2000).  
The hypothesis suggests that large males, with greater absolute metabolic requirements and 
larger rumens, are able to meet nutritional requirements by exploiting abundant, high-fiber, 
low quality forage.  Bulls can retain digesta longer to improve efficiency of digestion and use 
microbial fauna in the gastrointestinal (GI) system specialized for high-fiber, low quality 
forage.  Therefore, they should select for high-fiber, low quality forage even when higher 
quality forage is available because ruminal adaptations make them less efficient at digesting 
low-fiber, high quality forage.  Females’ GI systems are best adapted to low-fiber, high 
quality forage that can meet the high nutritional demands of gestation and lactation.  Females 
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should therefore exploit areas with greater biomass of high-quality forage per capita, i.e. 
recently burned areas (Post et al. 2001, Mooring et al. 2005).  
Although the bison in this reconstructed prairie sexually segregated and appeared to 
select habitat based on different variables, they consumed similar plant species at different 
stages of development.  Native A. gerardii grass was the largest component of the diet of 
both sexes, and both included the exotics P. pratensis, S. faberi, and Trifolium spp in their 
diets.  In spite of the large field and general abundance of Bromus spp. in the landscape, 
neither bison group appeared to include it as a major component of their diet.  Bromus spp. 
was introduced into North America as an excellent nutrition source for livestock 
(Stubbendieck et al. 2004).  Despite the supposedly high nutritional value of this grass, the 
bison in this study did not consume it in large amounts, especially compared to native 
forages.  Our study focused on the summer growing season diet, when most C3 grasses, 
including Bromus spp. are at undesirable palatability states.  Therefore, further study is 
needed on the potential use of these cool season exotics by bison during other times of the 
year, such as peak production periods in the spring and fall.   
The interaction of reconstruction activities, i.e. fire and grazing, was strongly evident 
in this study.  The largest ungulate group on the landscape (mixed age/sex bison) was 
strongly attracted to recently burned areas, especially when a smaller patch was burned in 
2007 (Figure 7).  The burn patch in 2007 illustrates the potential impacts of the interaction of 
three key disturbances, climate, fire, and grazing on tallgrass prairie plant communities.  
After a spring burn, above average precipitation, and intense grazing by the mixed age/sex 
bison group, exotic graminoid species did not occur in our sample quadrats and the patch was 
dominated by a diverse array of native forbs.  The microsite diversity and grazing lawns 
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created by the bison mixed age/sex group are important for introducing landscape 
heterogeneity in this ongoing reconstruction. 
The restoration of this ecosystem should include processes that promote native plant, 
animal, and microbial diversity and richness at all spatial scales within a heterogeneous 
landscape.  However, previous studies show that restored grasslands generally have lower 
native species diversity and richness when compared to remnants (Sluis 2002, Martin et al. 
2005).  A previous study at this reconstruction site attributed this phenomenon, in part, to a 
lack of viable seed banks (Martin & Wilsey 2006).  Although grazing and trampling by bison 
created microsites for seedling establishment, seedling emergence of rare prairie forbs and 
grasses was consistently greater when supplemented with a viable seed bank.  We 
recommend the use of a patch-burn grazing system, with moderate stocking rates, and 
supplementation of the native seed bank to achieve higher levels of native species diversity 
and richness at the microsite level and heterogeneity on the landscape.  
In this summer growing season study, the largest group of native ungulates (mixed 
age/sex bison) on the landscape was strongly attracted to recently burned areas and native 
plants in an ongoing tallgrass prairie reconstruction.  If appropriate spatial and temporal fire-
grazing regimes are set, one can use the interaction of natural ecological processes, i.e. fire 
and grazing, to introduce heterogeneity on the landscape and eventually lead to a functional 
reconstruction that supports a variety of wildlife that require diverse stages of grasslands.   
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Figure 1.  Plant community patches, Spring 2005, 2006 and 2007 burn areas, and infrared camera locations at Neal 
Smith National Wildlife Refuge, Iowa.  Unlabeled points represent cameras that were not successful due to mechanical, 
biological, or weather problems. 
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Figure 2.  Percent graminoid species in fecal samples collected from bull and mixed sex/age bison groups during the 2006 and 
2007 growing seasons in an ongoing tallgrass prairie reconstruction in central Iowa.  A. gerardii, S. nutans, S. scoparium, Carex 
spp., Elymus spp., Bouteloua spp., Sporobolis spp., Muhlenbergia spp., and Juncus spp. are native graminoid species.   
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Figure 3.  Percent forb species in fecal samples collected from bull and mixed sex/age bison groups during the 2006 and 2007 
growing seasons in an ongoing tallgrass prairie reconstruction in central Iowa..  Galium spp., Aster spp., R. hirta, Solidago spp., 
Helianthus spp., E. strigosus, Astragalus spp., and F. virginiana are native forb species. 
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Figure 4.  Plant nutritional values; acid detergent fiber (ADF) and % crude protein, for most abundant forb and grasses in bison 
diet.  Plant samples were collected in an ongoing tallgrass prairie reconstruction in central Iowa, mid-August 2006 and 2007. 
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Figure 5.  Adaptive local convex hull (a-LoCoH) distribution estimates of elk 
in an ongoing tallgrass prairie reconstruction in central Iowa.  Dark-shaded 
areas represent core areas of use (50% isopleth), lighter shaded areas represent 
the 95% isopleth, and yellow circles represent GIS locations.  a) 5 June to 1 
August 2006 b) 9 May to 1 August 2007 
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Figure 6.  Adaptive local convex hull (a-LoCoH) distribution estimates of 
bison bulls in an ongoing tallgrass prairie reconstruction in central Iowa.  
Dark-shaded areas represent core areas of use (50% isopleth), lighter shaded 
areas represent the 95% isopleth, and yellow circles represent GIS locations.  
a) 5 June to 1 August 2006 b) 9 May to 1 August 2007 
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Figure 7.  Adaptive local convex hull distribution estimates of mixed sex/age 
bison in an ongoing tallgrass prairie reconstruction in central Iowa. Dark-
shaded areas represent core areas of use (50% isopleth), lighter shaded areas 
represent the 95% isopleth, and yellow circles represent GIS locations.  a) 5 
June to 1 August 2006 b) 9 May to 1 August 2007 
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Figure 8.  Use of tree patches by native ungulates as determined by trail camera captures in 
an ongoing tallgrass prairie reconstruction in central Iowa, 2007. 
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Table 1.  Patch sizes, native plant seeding years, number of quadrats sampled, and 
burn years in the bison and elk enclosure at Neal Smith National Wildlife Refuge, 
Iowa.  
Patch Size (HA) Year Seeded Quadrats Sampled Burn Year 
6 5.4 1994 5 2006 
13 3.2 1994 5 2005 
37 24.9 1995 10 2005/07* 
49 14.5 1996 5 2006 
50 10.7 1996 5 2007 
465 14.6 1993/95 10 2006 
714 38.8 1992/94 10 2005 
3536 19.9 1995 10 2006 
83839 21.9 1993/95 10 2005 
909192 6.7 NA 5 2005 
33344881 37.0 1995/96/98 10 2006 
Brome 42.7 NA 10 NA/2007* 
HS 4.1 NA 5 NA 
RCG 24.0 NA 10 NA 
Road 1.9 NA NA NA 
Tree 18.5 NA 10 NA 
*The southeastern portions of patch 37 and brome received two years of fire treatment, 2005 
and 2007, during our study (Fig. 1). 
 
 
 
Table 2.  Number of neighbors (k) and radius (a) parameters used to 
calculate 50% and 95% utilization distribution (UD) estimates, using the 
adaptive local convex-hull (a-LoCoH) nonparametric kernel method, for 
elk and bison at Neal Smith National Wildlife Refuge, Iowa. 
Group a k 
Elk 2006 970 6 
Elk 2007 928 5 
Bison bulls 2006 1031 5 
Bison bulls 2007 1098 4 
Mixed age/sex bison 2006 984 3 
Mixed age/sex bison 2007 1146 3 
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Table 3.  Relative proportion of native plants, graminoids, and C4 grasses per patch during the 2006 and 2007 
growing seasons at Neal Smith National Wildlife Refuge, Iowa.   
% Native Plants  % Graminoids  % C4 Grasses 
Patch 2006 2007  2006 2007  2006 2007 
6 58.2 31.9  82.4 62.7  51.7 31.9 
13 92.3 69.5  82.3 58.7  73.8 39.5 
37 74.2 53.4  56.5 52.7  43.5 27.9 
49 75.8 72.9  47.9 67.3  34.8 59.8 
50 85.3 89.6  90.7 61.0  78.5 61.0 
465 53.9 23.5  61.1 53.5  33.1 10.4 
714 59.4 59.9  89.4 66.0  48.2 39.3 
3536 44.4 36.5  54.5 65.6  9.2 11.8 
83839 66.5 54.5  78.7 66.2  51.6 40.8 
909192 23.8 36.1  83.6 78.5  18.3 32.9 
33344881 76.4 63.1  48.4 45.0  33.8 33.2 
Brome 5.4 25.2  96.3 68.2  0 4.3 
Homestead 5.4 22.9  84.9 66.2  0 6.8 
Reed Canary Grass 18.2 14.9  83.9 90.4  0.6 4.4 
Road - -  - -  - - 
Tree 21.9 63.3  77.2 32.2  0 0 
x (SE) 50.7 (7.5) 47.8 (5.7)  74.5 (4.2) 62.3 (3.5)  31.8 (6.8) 26.9 (5.1) 
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Table 4.  Candidate models for habitat selection by elk in an ongoing tallgrass prairie reconstruction in central Iowa, 
2006-2007.  A 2-step, information-theoretic approach was used to generate global models from a priori physical and 
vegetation models.  Lowest Akaike’s information criterion corrected for small sample sizes (AICc) and competitive 
(within 2 points of the lowest AICc value) models among the physical and vegetation categories were combined to 
create global models.  The best overall model (lowest AICc) and competitive models (Δi) are in bold type.  Hosmer-
Lemeshow goodness-of-fit statistic (HL) p > 0.10 represent a good logistic fit.  
Physical Models AICc Phys. Δi Δi HL 
Year, Slope, Aspect, Distance to Fence 472.63 0 4.48 0.17 
Year, Slope, Aspect 475.76 3.13 7.61 0.29 
     
Vegetation Models  Veg. Δi   
Year, Burn 471.26 0 3.11 0.98 
Year, Grass:Forbs 471.78 0.52 3.63 0.06 
Year, Native Plants 471.96 0.70 3.81 0.86 
Year, Native Plants, Grass:Forbs 472.68 1.41 4.52 0.86 
Year, Native Plants, Burn 473.26 2.00 5.11 0.96 
     
Global Models     
Year, Slope, Aspect, Distance to Fence, Burn 468.15 - 0 0.56 
Year, Slope, Aspect, Distance to Fence, Native Plants, Burn 470.18 - 2.03 0.60 
Year, Slope, Aspect, Distance to Fence, Grass:Forbs 471.17 - 3.02 0.33 
Year, Slope, Aspect, Distance to Fence, Native Plants 471.41 - 3.26 0.59 
Year, Slope, Aspect, Distance to Fence, Native Plants, Grass:Forbs 472.12 - 3.97 0.77 
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Table 5.  Parameter estimates, standard error, and significance values for the best model 
for elk habitat selection in an ongoing tallgrasss prairie reconstruction in central Iowa.  We 
modeled the probability of observing elk in a one-ha grid using binary logistic regression.  
Variable ß SE P-value 
Year 2007 0.375 0.140 0.007 
Slope -0.031 0.056 0.575 
Eastern Aspects -0.007 0.197 0.972 
Northern Aspects 0.375 0.235 0.110 
Southern Aspects -0.297 0.226 0.189 
Distance to Fence 0.003 0.001 0.002 
Burn < 4 mos. ago -0.114 0.284 0.688 
Burn 1 year ago  -0.171 0.209 0.414 
Burn 2 years ago -0.426 0.311 0.171 
 
Table 6.  Candidate models for habitat selection by bison bachelor bulls in an ongoing 
tallgrass prairie reconstruction in central Iowa, 2006-2007.  A 2-step, information-theoretic 
approach was used to generate global models from a priori physical and vegetation models.  
Lowest Akaike’s information criterion corrected for small sample sizes (AICc) and 
competitive (within 2 points of the lowest AICc value) models among the physical and 
vegetation categories were combined to create global models.  The best overall model 
(lowest AICc) and competitive models (Δi) are in bold type.  Hosmer-Lemeshow goodness-
of-fit statistic (HL) p > 0.10 represent a good logistic fit.  
Physical Models AICc Phys. Δi Δi HL 
Year, Slope, Aspect 497.01 0.00 1.54 0.27 
Year, Slope, Aspect, Distance to Fence 498.59 1.58 3.13 0.20 
     
Vegetation Models  Veg. Δi   
Year, Native Plants 493.58 - - 0.03 
Year, Native Plants, Grass:Forbs 495.35 - - 0.03 
Year, Burn 495.47 0.00 0.00 0.19 
Year, Grass:Forbs 496.10 0.63 0.63 0.48 
Year, Native Plants, Burn 497.31 1.85 1.85 0.31 
     
Global Models     
Year, Slope, Aspect, Grass:Forbs 498.46 - 2.99 0.11 
Year, Slope, Aspect, burn 498.86 - 3.40 0.43 
Year, Slope, Aspect, Distance to Fence, Grass:Forbs 500.09 - 4.62 0.48 
Year, Slope, Aspect, Native Plants, Burn 500.69 - 5.22 0.80 
Year, Slope, Aspect, Distance to Fence, burn 500.92 - 5.45 0.55 
Year, Slope, Aspect, Distance to Fence, Native Plants, Burn 502.75 - 7.28 0.75 
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Table 7.  Parameter estimates, standard error, and significance values for the best and competitive, Δ AIC < 2, models for 
bison bull habitat selection in an ongoing tallgrasss prairie reconstruction in central Iowa. We modeled the probability of 
observing bison bulls in a one-ha grid using binary logistic regression. 
 Δ AIC = 0  Δ AIC = 0.63  Δ AIC = 1.54  Δ AIC = 1.85 
Variable ß SE P  ß SE P  ß SE P  ß SE P 
Year 2007 -0.490 0.146 0.001  -0.437 0.135 0.001  -0.476 0.124 <0.001  -0.488 0.146 0.001 
Burn < 4 mos. ago -0.033 0.234 0.889  - - -  - - -  -0.076 0.255 0.765 
Burn 1 year ago  0.274 0.186 0.139  - - -  - - -  0.246 0.197 0.212 
Burn 2 years ago 0.135 0.326 0.679  - - -  - - -  0.114 0.329 0.730 
Grass:Forbs - - -  1.016 0.619 0.101  - - -  - - - 
Slope - - -  - - -  0.064 0.052 0.220  - - - 
Eastern Aspects - - -  - - -  -0.348 0.115 0.078  - - - 
Northern Aspects - - -  - - -  0.094 0.174 0.676  - - - 
Southern Aspects - - -  - - -  0.184 0.966 0.326  - - - 
Native Plants - - -  - - -  - - -  0.338 0.773 0.662 
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Table 8.  Candidate models for habitat selection by mixed age/sex bison in an ongoing tallgrass prairie reconstruction in 
central Iowa, 2006-2007.  A 2-step, information-theoretic approach was used to generate global models from a priori 
physical and vegetation models.  Lowest Akaike’s information criterion corrected for small sample sizes (AICc) and 
competitive (within 2 points of the lowest AICc value) models among the physical and vegetation categories were combined 
to create global models.  The best overall model (lowest AICc) and competitive models (Δi) are in bold type.  Hosmer-
Lemeshow goodness-of-fit statistic (HL) p > 0.10 represent a good logistic fit.  
Physical Models AICc Phys. Δi Δi HL 
Year, Slope, Aspect 402.92 0 22.85 0.17 
Year, Slope, Aspect, Distance to Fence 404.44 1.52 24.38 0.33 
     
Vegetation Models  Veg. Δi   
Year, Native Plants, Burn 380.06 0 0 0.54 
Year, Burn 382.58 2.52 2.52 0.65 
Year, Native Plants, Grass:Forbs 394.77 14.71 14.71 0.50 
Year, Native Plants 395.40 15.34 15.34 0.40 
Year, Grass:Forbs 396.96 16.90 16.90 0.83 
     
Global Models     
Year, Slope, Aspect, Native Plants, Burn 381.00 - 0.94 0.55 
Year, Slope, Aspect, Distance to Fence, Native Plants, Burn 383.07 - 3.01 0.37 
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Table 9.  Parameter estimates, standard error, and significance values for the best and 
competitive, Δ AIC < 2, models for mixed sex/age bison habitat selection in an ongoing 
tallgrasss prairie reconstruction in central Iowa. We modeled the probability of observing 
the mixed sex/age bison group in a one-ha grid using binary logistic regression. 
 Δ AIC = 0   Δ AIC = 0.94 
Variable ß SE P-value  ß SE P-value 
Year 2007 0.767 0.165 <0.001  0.787 0.172 <0.001 
Burn < 4 mos. ago 1.040 0.282 <0.001  1.069 0.301 <0.001 
Burn 1 year ago  -0.169 0.236 0.474  -0.159 0.239 0.507 
Burn 2 years ago -1.111 0.350 0.002  -1.115 0.367 0.002 
Native plants 1.897 0.907 0.037  2.082 0.937 0.026 
Slope - - -  0.069 0.064 0.277 
Eastern Aspects - - -  0.387 0.228 0.090 
Northern Aspects - - -  0.215 0.284 0.448 
Southern Aspects - - -  0.270 0.263 0.306 
 Appendix A.1.  Plant community structure of patches at the Neal Smith National Wildlife Refuge bison and elk enclosure in 2006.  Plant species 
are listed from most common to least common species.  Forage classes represented; Native Grasses (NG), Exotic Grasses (EG), Cool Season 
Grasses (C3), Warm Season Grasses (C4), Native Forbs (NF), Exotic Forbs (EF), and Trees-Shrubs (TS).  Numbers above each column represent 
seeded plant communities, brome fields, homestead relicts (HS), predominantly reed canary grass (RCG) patches, and tree areas. 
   % Cover within Patches 
 Class Average 6 13 37 49 50 465 714 3635 83839 919092 34484133 Brome HS RCG Tree 
Andropogon gerardii NG, C4 36.9 70.0 40.0 54.0 28.2 64.0 36.5 38.5 1.0 60.0 23.0 27.0 0 0 0.5 0 
Bromus inermis EG, C3 29.6 4.0 0 9.0 0 0 17.5 14.5 24.0 15.0 78.2 2.0 92.5 62.0 10.1 26.1 
Phalaris arundinacea EG, C3 17.9 0 0 0.1 0 0 1.0 10.0 0 0 0 0 0 20.0 40.0 36.5 
Poa pratensis EG, C3 16.0 50.0 8.0 4.5 12.2 6.4 15.5 9.5 16.5 22.0 4.0 17.0 10.0 33.0 15.0 0 
Sorghastrum nutans NG, C4 15.7 21.0 36.0 5.0 0 29.0 1.0 9.5 9.1 12.3 0 18.7 0 0 0 0 
Parthenocissus quinquefolia TS 9.2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9.2 
Elymus virginicus NG, C3 8.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8.5 
Solidago canadensis NF 8.1 2.0 4.4 15.0 32.0 0 0 0.1 0 2.5 0 0.5 0 0 0 0 
Cirsium arvense EF 8.0 0 0 0 0 0 0 0 0 0 0 0 0 8.0 0 0 
Chamaecrista  fasciculata NF 7.8 0 0 10.9 0 0 8.6 0 0 4.0 3.0 22.1 1.0 0 5.0 0 
Agrostis gigantea EG, C3 7.0 0 0 0 0 0 0 7.0 0 0 0 0 0 0 0 0 
Trifolium pratense EF 6.7 11.0 0 0.4 0 0 12.2 4.7 10.1 6.0 8.6 8.5 0.5 5.0 0 0 
Pycnanthemum pilosum NF 6.0 6.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Viola pubescens NF 6.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6.0 
Schizachyrium scoparium NG, C4 5.8 0 10.0 0 0 0 5.0 10.0 1.0 0 0 3.0 0 0 0 0 
Lespedeza capitata NF 5.8 0 0 4.0 0 0 0 0 0 7.5 0 0 0 0 0 0 
Festuca arundinacea EG, C3 5.5 0 0 0 0 0 0 0 6.5 0 0 0 2.0 0 0 8.0 
Hilianthus grosseserratus NF 5.2 0 0 0 5.0 0 2.0 0 0 0 0 13.5 0 0.2 0 0 
Medicago lupulina EF 4.4 8.0 0 0 0 0 5.0 0.1 0 0 0 0 0 0 0 0 
Daucus carota EF 4.3 0 1.0 12.9 6.0 10.0 7.3 2.5 7.3 2.2 0.2 6.5 0.1 0 0.3 0.1 
Trifolium repens EF 4.1 0 0 8.0 0 0 0 0 0 0.2 0 0 0 0 0 0 
Kuhnia eupatorioides NF 4.0 0 0 0 0 0 0 0 4.0 0 0 0 0 0 0 0 
Medicago sativa EF 4.0 0 0 0 0 0 0 0 0 0 4.0 0 0 0 0 0 
Monarda fistulosa NF 3.7 0.4 3.0 1.0 0 0 4.1 2.0 10.0 0.2 0 8.5 0 0 0 0 
Solidago rigida NF 3.6 0 10.0 0 0 0 0 0.3 0 4.0 0 0.1 0 0 0 0 
Elymus canadensis NG, C3 3.2 0 2.0 4.0 0 0 1.5 8.0 4.0 1.0 0 2.0 0 0 0 0 
Carex spp. NG, C3 3.1 0 0 0 0 8.0 0.5 0 3.2 0 0 0 4.0 0 2.0 1.0 
Solidago missouriensis NF 2.9 0 0.6 4.0 0 0 4.5 0.5 0 1.0 0 0 0 6.0 4.0 0 
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Appendix A.1 Continued.  Plant community structure of patches at the Neal Smith National Wildlife Refuge bison and elk enclosure in 2006.  
Plant species are listed from most common to least common species.  Forage classes represented; Native Grasses (NG), Exotic Grasses (EG), Cool 
Season Grasses (C3), Warm Season Grasses (C4), Native Forbs (NF), Exotic Forbs (EF), and Trees-Shrubs (TS).  Numbers above each column 
represent seeded plant communities, brome fields, homestead relicts (HS), predominantly reed canary grass (RCG) patches, and tree areas. 
   % Cover within Patches 
 Class Average 6 13 37 49 50 465 714 3635 83839 919092 34484133 Brome HS RCG Tree 
Helianthus tuberosus NF 2.9 0 0 1.5 0 0 0 0 8.1 0 4.0 0 0.5 0 0.5 0 
Ambrosia artemisiifolia NF 2.8 0 0.2 1.0 2.0 0 4.4 0.2 7.9 0.2 0 9.2 0.3 0 0 0 
Ratibida pinnata NF 2.5 3.0 0 0 3.0 0 0.5 0 3.2 0 0 3.0 0 0 0 0 
Setaria faberi EG, C4 2.3 0 0 0 4.0 0 0 0 0.5 0 0 0 0 0 0 0 
Sonchus asper EF 2.0 0 0 0 0 0 0 0 2.0 0 0 0 0 0 0 0 
Brome japonicus EG, C3 1.8 0 0 0 0 0 0 0.5 3.0 0 0 0 0 0 0 0 
Hydrophyllum virginianum NF 1.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.5 
Ambrosia trifida NF 1.2 0 0 0 0 0 0.5 0 1.0 0 0 0.1 0 1.0 1.3 3.0 
Osmorhiza spp. NF 1.1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.1 
Rubus occidentalis TS 1.1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.1 
Heliopsis helianthoides NF 1.0 0 0 0 0 0 0 0 0 0 0 1.0 0 0 0 0 
Populus deltoides TS 1.0 0 0 0 0 0 0 0 0 1.0 0 0 0 0 0 0 
Rosa multiflora EF 1.0 0 0 0 0 0 0 0 0 0 0 0 1.0 0 0 0 
Sanicula spp. NF 1.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.0 
Sporobolis heterolepsis NF 1.0 0 0 0 0 0 0 0 1.0 0 0 0 0 0 0 0 
Aster puniceus NF 0.9 0 1.2 0.1 0 0 0 2.1 1.0 0.2 0 1.3 0.3 0 1.2 0 
Fragaria virginiana NF 0.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.5 
Ulmus americana TS 0.5 0 0 0 0 0 0 0 0 0.5 0 0 0 0 0 0 
Pastinaca sativa EF 0.4 0.4 0 0.1 0 1.0 0.5 0.1 0 0.1 0.8 0 0.5 0 0.5 0 
Aster ericoides NF 0.4 0 0 0 0 0 0 0.1 1.1 0.2 0 0.1 0 0 0 0 
Oxalis dillenii NF 0.3 0 0 0 0 0 0 0 0.3 0 0 0 0 0 0 0 
Phleum pratense EG, C3 0.3 0 0 0 0 0 0 0 0.1 0 0 0 0 0.4 0 0 
Taraxacum laevigatum EF 0.2 0.2 0 0 0 0 0.2 0 0.2 0 0 0 0 0 0 0 
Apocynum cannabinum NF 0.2 0 0.2 0 0 0 0 0 0 0 0 0 0 0 0 0 
Asclepias syriaca NF 0.2 0 0 0 0 0 0 0 0 0 0 0 0 0.2 0 0 
Convolvulus arvensis EF 0.2 0 0 0 0.2 0 0 0 0 0 0 0 0 0.2 0 0 
Erigeron strigosus NF 0.2 0 0 0 0 0 0 0 0 0 0 0 0 0 0.2 0 
Hippuris vulgaris NF 0.2 0 0 0 0 0 0 0 0.2 0 0 0 0 0 0 0 
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Appendix A.1 Continued.  Plant community structure of patches at the Neal Smith National Wildlife Refuge bison and elk enclosure in 2006.  
Plant species are listed from most common to least common species.  Forage classes represented; Native Grasses (NG), Exotic Grasses (EG), Cool 
Season Grasses (C3), Warm Season Grasses (C4), Native Forbs (NF), Exotic Forbs (EF), and Trees-Shrubs (TS).  Numbers above each column 
represent seeded plant communities, brome fields, homestead relicts (HS), predominantly reed canary grass (RCG) patches, and tree areas. 
   % Cover within Patches 
 Class Average 6 13 37 49 50 465 714 3635 83839 919092 34484133 Brome HS RCG Tree 
Rudbeckia hirta NF 0.1 0 0 0 0 0 0.1 0.1 0 0.1 0 0 0 0 0 0 
Dactylis glomerata EG, C3 0.1 0 0 0 0 0 0 0 0.1 0 0 0 0 0 0 0 
Galium spp. NF 0.1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.1 
Toxicodendron radicans TS 0.1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.1 
Verbana stricta NF 0.1 0 0 0 0 0 0 0 0.1 0 0 0 0 0 0 0 
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Appendix A.2.  Plant community structure of patches at the Neal Smith National Wildlife Refuge bison and elk enclosure in 2007.  
Plant species are listed from most common to least common species.  Forage classes represented; Native Grasses (NG), Exotic Grasses 
(EG), Cool Season Grasses (C3), Warm Season Grasses (C4), Native Forbs (NF), Exotic Forbs (EF), and Trees-Shrubs (TS).  Numbers 
above each column represent seeded plant communities, brome fields, homestead relicts (HS), predominantly reed canary grass (RCG) 
patches, and tree areas. 
   % Cover within Patches 
 Class Average 6 13 37 49 50 465 714 3635 83839 919092 34484133 Brome HS RCG Tree 
Andropogon gerardii NG, C4 37.2 20.0 60.0 35.5 48.0 94.0 11.0 42.5 20.0 63.0 36.0 41.0 7.5 0 5.0 0 
Poa pratensis EG, C3 35.2 64.0 16.0 0 0 0 12.0 40.0 47.0 41.0 28.0 4.0 35.0 65.0 0 0 
Bromus inermis EG, C3 25.2 0 16.0 24.0 8.0 0 41.0 9.0 39.0 9.0 36.0 10.0 75.5 42.0 10.0 8.0 
Trifolium pratense EF 23.7 61.0 15.0 12.0 0 0 25.0 18.5 8.5 26.0 8.0 31.0 18.0 38.0 0 0 
Phalaris arundinacea EG, C3 23.7 0 0 10.0 0 0 9.0 0 18.0 0 8.0 0 0 0 84.0 13.0 
Teucrium canadense NF 18.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 18.0 
Sorghastrum nutans NG, C4 17.3 46.0 10.0 6.0 0 0 0 13.0 0 7.5 16.0 26.0 0 14.0 0 0 
Ambrosia trifida NF 12.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 12.5 
Solidago rigida NF 11.5 0 0 0 0 0  17.0 0 0 0 6.0 0 0 0 0 
Daucus carota EF 11.3 0 3.0 23.5 15.0 16.0 13.6 6.5 12.0 13.0 21.0 20.0 1.0 8.0 3.0 2.0 
Chamaecrista  fasciculata NF 10.5 0 6.0 19.5 5.0 28.0 2.5 0 0.5 0 0 9.5 13.0 0 0 0 
Elymus virginicus NG, C3 10.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10.5 
Urtica dioica NF 8.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8.5 
Schizachyrium scoparium NG, C4 8.2 0 0 0 16.0 0 3.0 8.0 5.0 9.0 0 0 0 0 0 0 
Monarda fistulosa NF 7.2 0 0 0 0 0 4.5 4.0 20.0 4.5 4.0 13.5 0 0.2 0 0 
Brome japonicus EG, C3 7.0 0 0 0 0 0 0 0 8.0 0 0 0 0 0 0 6.0 
Aster ericoides NF 6.3 0 20.0 1.5 4.0 0 0 5.0 0 5.5 0 1.5 0 0 0 0 
Heliopsis helianthoides NF 6.0 0 0 0 0 0 0 6.0 0 0 0 0 0 0 0 0 
Hilianthus grosseserratus NF 6.0 0 0 0 0 0 0 0 0 0 0 6.0 0 0 0 0 
Melilotus officinalis EF 6.0 0 0 0 0 0 0 0 0 0 0 6.0 0 0 0 0 
Parthenocissus quinquefolia TS 6.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6.0 
Helianthus tuberosus NF 5.7 0 2.0 7.5 0 0 0 0 15.5 4.5 1.0 6.0 7.5 0 1.5 0 
Bouteloua curtipendula NG, C4 5.5 0 0 0 0 0 1.0 10.0 0 0 0 0 0 0 0 0 
Hydrophyllum virginianum NF 5.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5.5 
Elymus canadensis NG, C3 5.4 0 2.0 3.0 0 0 0 0 1.5 1.0 0 10.0 0 15.0 0 0 
Ratibida pinnata NF 5.4 0 6.0 0 0 0 0 0 9.5 0 0 3.0 0 3.0 0 0 
 Appendix A.2 Continued.  Plant community structure of patches at the Neal Smith National Wildlife Refuge bison and elk enclosure in 
2007.  Plant species are listed from most common to least common species.  Forage classes represented; Native Grasses (NG), Exotic 
Grasses (EG), Cool Season Grasses (C3), Warm Season Grasses (C4), Native Forbs (NF), Exotic Forbs (EF), and Trees-Shrubs (TS).  
Numbers above each column represent seeded plant communities, brome fields, homestead relicts (HS), predominantly reed canary grass 
(RCG) patches, and tree areas. 
   % Cover within Patches 
 Class Average 6 13 37 49 50 465 714 3635 83839 919092 34484133 Brome HS RCG Tree 
Circaea lutetiana  NF 5.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5.0 
Cirsium arvense EF 5.0 0 0 0 0 0 0 0 0 0 0 0 0 5.0 0 0 
Impatiens pallida NF 5.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5.0 
Viola pubescens NF 5.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5.0 
Solidago canadensis NF 4.8 0 6.0 4.0 3.0 6.0 2.5 5.5 0 1.0 0 0 12.5 2.0 0 5.5 
Medicago lupulina EF 4.5 0 0 0 0 0 4.5 0 0 0 0 0 0 0 0 0 
Solidago missouriensis NF 4.3 0 3.0 0 0 4.0 2.5 0 0 11.0 0 4.0 0 0 1.5 0 
Asclepias syriaca NF 4.2 0 0 0 0 6.0  0 0 0 0 0 0 0 5.0 1.5 
Rudbeckia hirta NF 4.1 0 8.0 0 0 0 0.2 0 0 0 0 0 0 0 0 0 
Toxicodendron radicans TS 4.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4.0 
Ambrosia artemisiifolia NF 3.7 0 0.2 2.5 1.0 0 6.6 0 5.0 0 0 1.0 0.6 13.0 0 0 
Geum spp. NF 3.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3.5 
Taraxacum laevigatum EF 3.3 8.2 2.0 0 6.0 0 1.5 0 1.5 0.5 0 3.5 0 0 0 0 
Trifolium repens EF 3.1 8.0 2.0 0 0 0 1.5 1.0 0 0 0 0 0 0 0 0 
Cryptotaenia canadensis NF 3.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3.0 
Phleum pratense EG, C3 2.6 0 0 0 0 0 0 0 0 0 0 0 0 0.2 0 5.0 
Carex spp. NG, C3 2.5 0 0 0 0 0 0 1.0 0 0 0 0 0 0 4.0 0 
Panicum virgatum NG, C4 2.5 0 0 0 0 0 0 0 0 2.5 0 0 0 0 0 0 
Pastinaca sativa EF 1.9 0 0 0 0 0 1.0 0 0 2.0 0 0 0 0.2 0 4.5 
Asclepias verticillata NF 1.8 0 0 0 1.0 0 0 0 0 0 0 0 2.5 0 0 0 
Convolvulus arvensis EF 0.6 0 0 0 0 0 1.0 0 0 0 0 0 0 0.2 0 0 
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 Appendix B.1a.  Percent plant species in fecal samples from bison cows, as determined by microhistological analysis.  Samples 
collected at Neal Smith National Wildlife Refuge, Iowa in 2006 and 2007. 
 6/7/06 7/15/06 7/19/06 7/19/06 7/19/06 7/19/06 5/10/07 5/16/07 6/25/07 6/27/07 7/12/07 7/24/07 Average 
Andropogon gerardii 38.0 40.5 33.8 29.4 25.5 27.9 3.3 10.1 12.7 22.1 10.4 14.1 22.3 
Setaria faberi 10.0 18.1 14.1 14.0 16.1 14.5 3.5 12.1 9.3 14.4 10.7 6.2 11.9 
Poa pratensis 3.1 3.1 7.9 7.2 3.1 8.3 27.1 19.0 8.1 5.9 14.0 7.3 9.5 
Sorghastrum nutans 7.7 4.9 3.7 8.8 16.3 14.9 0.4 5.4 5.7 19.1 5.7 15.0 9.0 
Bromus spp. 6.9 6.6 8.8 4.4 3.6 3.0 12.2 9.2 8.1 8.1 14.0 7.3 7.7 
Schizachyrium 
scoparium 13.1 12.3 9.2 9.2 7.8 10.3 0.4 3.6 1.2 4.7 0.7 2.5 6.3 
Dactylis glomerata 0 0 0.7  0 1.1 0.4 12.0 9.6 3.4 0.2 6.2 3.0 4.1 
Elymus spp. 0.8 0.4 1.1 5.0 2.7 1.4 8.1 3.4 2.6 5.1 8.5 2.0 3.4 
Agrostis gigantea 0 0 0 1.3 0.4 2.0 3.3 5.1 8.1 5.7 4.3 0.5 3.4 
Phleum pratense 0 0 0  0 2.3 1.4 6.2 4.2 1.2  0 1.4 5.7 3.2 
Bouteloua 3.5 2.7 6.8 5.0 1.9 4.4 0  0.9 0  0.2 0.9 1.6 2.8 
Sporobolis 
heterolepsis 4.2 2.5 1.8 4.6 4.6 1.0 2.1 1.1 1.8 2.3 0.9 1.4 2.4 
Muhlenbergia  0 0 0 0 0 1.4 2.5 0.7 1.2 0.4  0 0.9 1.2 
Festuca arundinacea 0 0 0  0 0.8  0 0.4 0 0 0.9 0 0 0.7 
Eragrostis 0 0 0 0.7 0 0 0 0 0 0 0 0 0.7 
Unknown Grasses 2.1 4.5 6.1 4.2 4.2 1.2 2.7 1.1 1.8 1.7 1.9 1.6 2.8 
Total Grasses: 89.4 95.6 94.0 93.8 90.4 92.1 84.2 85.5 65.2 90.8 79.6 69.1 85.8 
              
Carex spp. 1.5 2.1 3.3 4.2 2.5 2.4 2.1 6.5 19.4 3.4 5.4 5.2 4.8 
Juncus spp.  0  0  0 0  0.2 0.4 0.4 1.3 1.0  0 0.2 0.9 0.6 
Total Sedge/Rushes: 1.5 2.1 3.3 4.2 2.7 2.8 2.5 7.8 20.4 3.4 5.6 6.1 5.2 
              
Trifolium spp. 2.2 0 0 0 3.9 2.8 5.8 4.9 8.9 1.7 6.5 16.4 5.9 
Cirsium arvense 0 0 0 0 0.2 0 1.7 0.4 1.8 1.1 0.5 2.0 1.1 
Galium spp.  0 0 0 0 0 0 1.2 0  0 0 0.9 0  1.1 
Aster spp.  0 0 0 0 0 0 0.8 0 0.7 0 1.2 0  0.9 
Rudbeckia hirta  0.8 0 0 0 0 0 0 0  0 0 0 0 0.8 
Solidago spp. 1.8 0 0.1 0 0 0.8 0  0 0.4 0 0 
 
0.9 
 
0.8 
Ratibida pinnata 0.9 0.2 0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 0 0.6 
Helianthus spp.  0 0.4 0 0 0 0 0 0 0 0 0 0 0.4 
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Appendix B.1a Continued.  Percent plant species in fecal samples from bison cows, as determined by microhistological analysis.  
Samples collected at Neal Smith National Wildlife Refuge, Iowa in 2006 and 2007. 
 6/7/06 7/15/06 7/19/06 7/19/06 7/19/06 7/19/06 5/10/07 5/16/07 6/25/07 6/27/07 7/12/07 7/24/07 Average 
Erigeron strigosus  0  0 0 0 0 0 0 0 0 0 0.1 0 0.1 
Unknown Forbs 1.3 1.7 2.6 2.0 2.8 1.5 3.0 1.0 1.6 2.6 4.9 2.2 2.3 
Total Forbs: 7.0 2.3 2.7 2.0 6.9 5.1 12.5 6.3 13.4 5.4 14.1 21.5 8.3 
              
Populus deltoides stem 2.1  0  0  0  0  0  0  0  0  0  0  0 2.1 
Lespedeza capitata 0 0 0 0 0 0 0  0  0.6 0  0.7 2.8 1.4 
Shrub stem 0 0 0 0 0 0 0.6 0.4 0  0.4 0  0  0.5 
Shrub leaf 0 0 0 0 0 0 0.2 0 0  0  0  0.5 0.4 
Total Shrubs: 2.1 0.0 0.0 0.0 0.0 0.0 0.8 0.4 0.6 0.4 0.7 3.3 0.7 
              
Root 0 0 0 0 0 0 0 0 0 0 0 0 0 
Flower 0 0 0 0 0 0 0 0 0 0 0 0 0 
Insect 0 0 0 0 0 0 0 0 0.4 0 0 0 0 
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Appendix B.1b.  Percent plant species in fecal samples from bison bulls, as determined by microhistological analysis.  
Samples collected at Neal Smith National Wildlife Refuge, Iowa in 2006 and 2007. 
 6/7/06 6/13/06 7/15/06 7/15/06 7/18/06 7/19/06 5/10/07 5/22/07 6/25/07 6/27/07 7/11/07 7/24/07 Average 
Andropogon gerardii 16.1 32.7 40.0 28.1 19.5 13.0 7.2 9.3 10.9 20.9 13.8 15.8 18.9 
Poa pratensis 18.6 7.3 5.9 5.9 8.6 14.4 19.1 22.8 22.9 13.1 7.7 9.5 13.0 
Setaria faberi 5.9 15.2 17.0 8.6 17.3 6.8 10.6 6.8 17.0 13.8 15.6 14.0 12.4 
Sorghastrum nutans 13.2 17.9 14.6 14.9 18.4 5.1 2.0 6.2 11.5 11.0 8.4 19.7 11.9 
Bromus spp. 5.4 1.1 2.6 6.1 3.7 18.9 10.1 11.8 6.7 6.9 13.4 8.1 7.9 
Phleum pratense 3.6 0 0 0 0.7 10.2 7.2 10.3 1.0 4.2 6.9 2.4 5.2 
Schizachyrium 
scoparium 9.3 9.2 5.2 5.1 6.2 0.5 4.2 3.7 0.8 3.3 3.5 3.3 4.5 
Elymus spp. 3.9 2.7 2.6 2.9 1.5 10.9 6.4 5.5 1.9 1.9 5.6 4.1 4.2 
Sporobolis heterolepsis 6.8 2.9 3.5 6.4 3.7 0.7 5.2 0.3 1.3 2.9 0.3 3.1 3.1 
Dactylis glomerata 2.3 0 0.4 0.7 0.7 2.6 1.2 5.3 5.2 1.0 7.4 5.3 2.9 
Agrostis gigantea 2.0 1.7 0 1.7 5.1 4.9 2.2 2.8 4.8 1.5 1.8 1.6 2.7 
Festuca arundinacea 2.5 0.4 0 1.7 0.9 0.5 0 0.5 0 0 0 0 1.1 
Bouteloua 1.3 0.4 0.4 1.7 0.7 1.6 0 0 0.4 0.6 2.4 1.2 1.1 
Muhlenbergia  0 0  0.7 0 0 2.2 0 0 0 0.3 0 1.1 
Unknown Grasses 3.0 3.6 2.4 4.4 2.6 2.3 2.7 2.2 2.5 2.1 2.1 1.2 2.6 
Total Grasses: 93.9 95.1 94.6 88.9 89.6 92.4 80.3 87.5 86.9 83.2 89.2 89.3 89.2 
              
Carex spp. 3.2 2.3 1.7 1.0 3.7 4.0 0.5 4.2 3.6 4.2 4.2 2.4 2.9 
Juncus spp. 0.7 0.4 0 0 1.5 0.9 0.5 0 0.2 0 1.8 0.4 0.8 
Total Sedge/Rushes: 3.9 2.7 1.7 1.0 5.2 4.9 1.0 4.2 3.8 4.2 6.0 2.8 3.5 
              
Trifolium spp. 1.2 1.1 2.6 5.8 3.2 2.7 12.9 6.7 6.1 6.3 2.3 5.8 4.7 
Cirsium arvense 0.2 0 0 0 0 0 2.0 0.3 1.1 1.9 0.6 0.6 1.0 
Astragalus spp. 0 0 0 0 0 0 0 0 0.2 0.8 0 0 0.5 
Solidago spp. 0 0.2 0 0 0 0 0.3 0.7 0.4 0.2 0 0.2 0.3 
Fragaria virginiana 0 0 0 0 0 0 0 0 0.2 0 0.4 0 0.3 
Galium spp. 0 0 0 0 0 0 0.3 0 0 0 0 0 0.3 
Erigeron strigosus 0 0 0 0.2 0 0 0 0 0 0 0 0 0.2 
Unknown Forbs 0.8 0.9 1.1 1.6 2.0 0 2.1 0.6 1.3 2.8 1.5 1.3 1.5 
Total Forbs: 2.2 2.2 3.7 7.6 5.2 2.7 17.6 8.3 9.3 12.0 4.8 7.9 7.0 
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Appendix B.1b continued.  Percent plant species in fecal samples from bison bulls, as determined by microhistological 
analysis.  Samples collected at Neal Smith National Wildlife Refuge, Iowa in 2006 and 2007. 
 6/7/06 6/13/06 7/15/06 7/15/06 7/18/06 7/19/06 5/10/07 5/22/07 6/25/07 6/27/07 7/11/07 7/24/07 Average 
Lespedeza capitata 0 0 0 0 0 0 1.1 0 0 0 0 0 1.1 
Rosa multiflora stem 0 0 0 1.0 0 0 0 0 0 0 0 0 1.0 
Populus deltoides stem 0 0 0 0 0 0 0 0 0 0.6 0 0 0.6 
Shrub leaf 0 0 0 1.0 0 0 0 0 0 0 0 0 1.0 
Shrub stem 0 0 0 0.5 0 0 0 0 0 0 0 0 0.5 
Total Shrubs: 0.0 0.0 0.0 2.5 0.0 0.0 1.1 0.0 0.0 0.6 0.0 0.0 0.4 
              
Root 0 0 0 0 0 0 0 0 0 0 0 0 0 
Flower 0 0 0 0 0 0 0 0 0 0 0 0 0 
Insect 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Appendix B.2. Percent plant species in composite elk fecal samples as 
determined by microhistological fecal analysis.  Samples collected at Neal 
Smith National Wildlife Refuge, Iowa. 
 June/July 06 May/June/July 07 Average 
Trifolium spp. 45.5 55.4 50.5 
Medicago spp. 7.7 6.6 7.2 
Ratibida pinnata 3.0 3.4 3.2 
Galium spp. 2.2 1.3 1.8 
Solidago spp. 0.8 0.6 0.7 
Oenothera/Gaura 0 0.6 0.6 
Ambrosia spp. 0.3 0.6 0.5 
Aster spp. 0 0.2 0.2 
Erigeron strigosus 0.2 0 0.2 
Osmorhiza spp. 0.2 0 0.2 
Rudbeckia hirta 0 0.2 0.2 
Unknown Forbs 2.7 3.2 3.0 
Total Forbs: 62.6 72.1 67.4 
    
Agrostis gigantea 19.7 0.4 10.1 
Poa pratensis 2.9 7.4 5.2 
Bromus spp. 2.3 4.0 3.2 
Setaria faberi 1.5 4.8 3.2 
Andropogon gerardii 0 2.5 2.5 
Elymus spp. 2.3 0.4 1.4 
Sporobolis heterolepsis 0 1.3 1.3 
Dactylis glomerata 0.4 1.9 1.2 
Sorghastrum nutans 1.7 0.4 1.1 
Schizachyrium scoparium 0.8 0.4 0.6 
Phleum pratense 0 0.6 0.6 
Festuca arundinacea 0 0.2 0.2 
Unknown Grasses 4.0 1.7 2.9 
Total Grasses: 35.6 26.0 30.8 
    
Shrub stem 0 0.2 0.2 
Total Shrubs: 0.0 0.2 0.1 
    
Carex spp. 0 1.7 1.7 
Total Sedge/Rushes: 0.0 1.7 0.9 
    
Root 0.8 0 0.4 
Flower 0.8 0 0.4 
Insect 0.2 0 0.1 
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CHAPTER 3.  GENERAL CONCLUSION 
Native ungulate habitat use patterns in this ongoing tallgrass prairie reconstruction 
were non-random and were influenced by abiotic factors, plant community structure, and 
fire.  Elk movement was greatly influenced by cover and farthest distance from the perimeter 
fence.  Core areas of use during the summer growing season were limited to tall reed canary 
grass patches and tree areas.  Along with providing sufficient forage and nutrition, 
management of this ungulate in a tallgrass prairie reconstruction should provide ample cover, 
perhaps in the form of reconstructed sedge meadows and oak savanna, because nutritional 
needs are invariably linked to habitat use patterns in elk (Beck et al. 2006).  
The bison in this ongoing grassland reconstruction maintained sexually segregated 
groups during a majority of the non-rutting summer season. The bulls seemed to avoid 
recently burned areas (< 4 months old) and spent a majority of their time in older burn 
patches and the never-burned brome patch.  The bison mixed age/sex group habitat use 
pattern in this ongoing tallgrass prairie reconstruction was strongly influenced by fire.  This 
study is one of the first to provide evidence that the spatial distribution of the mixed sex/age 
bison group is positively correlated with fire and higher proportions of native plants in a 
reconstructed prairie, despite the abundance of exotic plant species in the landscape.   
Although the bison bull and mixed age/sex groups used different areas of the 
enclosure and appeared to select habitat based on distinct variables, it is important to note 
that the diet composition of both groups was quite similar.  However, the quality and age of 
forage most likely differed due to the differential use of space.  Both sexes used the native A. 
gerardii grass as the largest component of their diet and included the exotics P. pratensis, S. 
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faberi, and Trifolium spp.  Also, despite the large field and general abundance of Bromus 
spp. in the landscape, neither bison group appeared to use it as a major component of their 
diet.  Findings from our study are most consistent with the sexual dimorphism-body size 
hypotheses for sexual segregation in ruminants (Barboza & Bowyer 2000, Post et al. 2001, 
Mooring et al. 2005).  The bison bulls seemed to avoid the recently burned areas with high-
quality forage and instead, exploited the older burn areas with high-fiber, low quality feed 
(Coppedge et al. 1998b, Milchunas et al. 1998).  The mixed age/sex group strongly selected 
for the recently burned areas which contained a greater biomass of high-quality forage 
(Coppock et al. 1983, Wallace et al. 1995).  However, predation is not a risk in the enclosure, 
and we did not specifically investigate other hypotheses.  
The interaction of reconstruction activities, i.e. fire and grazing, was strongly evident 
in this study.  The largest ungulate group on the landscape (mixed age/sex bison) was 
strongly attracted to fire, especially when a smaller patch was burned in 2007.  Previous 
studies show that restored grasslands have generally lower species diversity and richness 
when compared to remnants (Sluis 2002, Martin et al. 2005).  Martin and Wilsey (2006) 
attributed this phenomenon, in part, to a lack of viable seed banks.  Although grazing and 
trampling by bison create microsites for seedling establishment in an ongoing tallgrass prairie 
reconstruction, seedling emergence of rare prairie forbs and grasses is consistently greater 
when supplemented with a viable seed bank (Martin and Wilsey 2006).  Although further 
study is required, we recommend the continuation of the smaller patch-burn grazing regime, 
with appropriate stocking rates, and the addition of native plant seeds to recently burned 
patches, to help achieve reconstruction goals with respect to establishment of a 
heterogeneous tallgrass prairie system with diverse habitat for wildlife populations. 
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This study is important because it shows that the largest group of native ungulates 
(mixed age/sex bison) on the landscape is strongly attracted to burned areas and native plants 
in an ongoing tallgrass prairie reconstruction.  If appropriate spatial and temporal fire-grazing 
regimes are set, one can use this interaction of natural ecological processes to introduce 
heterogeneity on the landscape and eventually lead to a fully functional reconstruction that 
supports a variety of wildlife that require diverse stages of grasslands.   
Future Considerations 
Future studies should explore sexual segregation of native ungulates in ongoing 
prairie restorations or reconstructions, especially with respect to diet choices and plant 
community use.  If patch burning and grazing are the primary reconstruction tools, it would 
be of interest to understand what stages of succession (fire recovery) the segregated groups 
use.  What impacts does grazing have on reconstructed plant communities in different stages 
of fire succession?  How do native grazers influence plant community diversity within 
successional patches and does that translate to the overall biodiversity of the reconstructed 
system?  Does grazing by native ungulates create areas for colonization by exotic species?  
i.e. do they have a significant impact on the proportion of native and exotic species in 
ongoing reconstructions?  Since restoration should ideally include all aspects of an 
ecosystem, it would be of interest to understand how native ungulates interact with other taxa 
in ongoing prairie reconstructions.   
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